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EFFECTIVENESS OF THE STREAMFLOW-GAGING NETWORK IN KENTUCKY 
IN PROVIDING REGIONAL STREAMFLOW INFORMATION

By Kevin J. Ruhl

ABSTRACT

This report describes the results of an analysis of the effectiveness of 
the streamflow-gaging network in Kentucky in providing regional streamflow 
information. The data available for analysis included streamflow-gaging 
stations in Kentucky and selected stations in adjacent States. One phase of 
the analysis determined the increased effectiveness of the network if 
hypothetical new stations were added. The analysis was based on the 
principles of generalized least squares regression. Regional regression 
equations were developed and the regression coefficients were estimated by 
considering the time-sampling error in streamflow characteristics and the 
cross-correlation between stations. The average variance of prediction 
consists of model error and sampling error. Each gaging station in the 
network was then evaluated on the basis of how much the data from that station 
affected the sampling-error component of the regression equations. The 
potential effects of data from proposed new gaging stations on the sampling- 
error component of the regression equations also was evaluated.

Data from streamflow-gaging stations in Kentucky and selected stations in 
adjoining States were used to develop regression equations for selected 
mean-flow, low-flow, and high-flow statistics. The unregulated periods of 
record for all active and discontinued gaging stations with 5 or more years of 
unregulated record were used to develop the regression equations. Physical 
and climatic basin characteristics used to develop the regression equations 
were selected on the basis of regionalization equations previously developed 
for Kentucky streams. Gaging station records for development of the 
regression equations included records for currently regulated streams prior to 
regulation and records from discontinued stations. Only active gaging 
stations on unregulated streams were included in the network analysis because 
only these stations can be used in regionalizing streamflow statistics.

Regression analyses were done to determine the average mean-square error, 
or error variance, associated with each regional estimating equation for the 
three flow statistics for current (1989) conditions. This condition would be 
as if the entire network were discontinued, therefore, no further data would 
be collected. The error can be divided into a model-error component and a 
sampling-error component. In network analysis routines, the sampling-error 
component is the means of evaluating which gaging station records are 
contributing most to a regional estimating equation. The network analysis was 
then done to evaluate the effect of each gaging station record on the average 
sampling-error variance associated with each regional estimating equation if 
5 years and 20 years of additional data, beyond current conditions, were 
collected. As the stations are operated for a longer period, the sampling- 
error variance decreases relative to current conditions.



If the current network were continued and if no new stations were added, 
the greatest reduction in average sampling-error variance for the regional 
estimating equations with the addition of 5 years and 20 years of new data was 
found for the mean-flow and low-flow statistics. Without the addition of new 
gages, there was little improvement in regional information for peak flows. 
With the addition of the hypothetical new gages, the greatest improvement in 
the effectiveness of the network was for mean flows and peak flows. The 
results indicated that the addition of new stations whose drainage areas are 
less than 100 square miles would produce the greatest reduction in average 
sampling-error variance from current conditions in the mean-flow analysis. 
New stations having small drainage areas (less than 100 square miles) and 
fairly steep slopes (greater than 25 feet per mile) would make the greatest 
improvements in peak-flow information. Only new stations with drainage areas 
ranging from 200 to 450 square miles produced a significant reduction in 
average sampling-error variance on the low-flow analysis.

INTRODUCTION

The U.S. Geological Survey (USGS) has operated continuous-record 
streamflow-gaging stations in Kentucky since 1907. Since that time, many 
stations have been operated and subsequently discontinued after data were 
collected for various lengths of time. Several agencies have cooperated with 
the USGS in collecting surface-water data. In 1988, the Kentucky Natural 
Resources and Environmental Protection Cabinet, Division of Water (DOW) and 
the USGS began a cooperative study to improve the use of available resources 
in the collection of streamflow data.

Many streamflow-gaging stations in a surface-water-data network are 
established primarily to provide information on current streamflow conditions 
at particular locations. This information is useful for water-management 
decisions concerning water supply or waste-disposal monitoring. However, data 
from these "project operation" gaging stations may have limited transfer value 
and, therefore, are not usable in regional analyses if the streamflow is 
regulated by human activities.

The statistical characteristics of streamflow have become increasingly 
important to designers and planners of water-related facilities and to the 
permitting of discharges from those facilities. Consequently, 
streamflow-gaging stations for "regional hydrology" have been established 
primarily to estimate a probability of occurrence (exceedance or 
non-exceedance) of certain flow in any year, rather than to collect data on 
specific hydrologic events. Data from such stations can be used in the design 
of water-treatment facilities and highway structures and in water-supply 
planning. Data collected at these stations on natural-flow streams are 
transferable to other streams in the region through an empirical functional 
relation (usually a regression model) developed between streamflow 
characteristics and selected basin characteristics. This procedure is 
commonly referred to as "regionalization."



Placement of streamflow-gaging stations used in regionalization should 
provide spatial coverage of a region or area and should provide information 
for a range of basin and streamflow characteristics. Considered together, the 
group of stations and their characteristics make up a data-collection 
"network" suitable for providing regional information.

The agencies that operate data-collection networks need to know which 
streamflow-gaging stations in a regional network are providing cost-effective 
information and at what point in time additional data collection can be 
stopped. The network analysis technique described by Tasker (1987) and 
Moss and Tasker (1990) was used in this study to obtain answers to these 
questions for the streamflow-gaging network in Kentucky.

Purpose and Scope

This report identifies the contribution of each active streamflow-gaging 
station in Kentucky to the knowledge of regional streamflow characteristics. 
This contribution is expressed in terms of a reduction of the average 
sampling-error variance associated with a regional regression equation. The 
analysis is done assuming that the network will continue to be operated for a 
specific number of years. The analysis can be extended to estimate the 
contribution of proposed new gaging stations in reducing this sampling error.

Specifically, this report (1) identifies the streamflow-gaging stations 
in Kentucky, and selected stations in adjacent States, whose periods of 
unregulated streamflow record are 5 or more years; (2) describes the 
development of regional regression equations--derived from generalized least 
squares regression--for estimation of selected mean-flow, low-flow, and 
high-flow statistics; (3) identifies which active stations will provide the 
most cost-effective regional streamflow information for selected future times 
(termed planning horizons); and (4) identifies proposed new stations whose 
basin characteristics would improve regional streamflow information for 
selected future times.

Previous Studies

Certain components of the surface-water data-collection program in 
Kentucky are described in reports by Beaber (1970) and Ruhl (1989). Beaber 
defined the purpose(s) each active gaging station (in 1970) served, and 
proposed general locations for new gaging stations throughout the State. Most 
of the proposed stations were distributed throughout Kentucky on streams 
draining small areas (less than 200 mi2 ). The stations were recommended for 
operation for approximately 25 years to provide temporal and spatial data for 
regional analyses, and to function as index stations for correlation with 
nearby ungaged streams. Many of the stations proposed by Beaber (1970) were 
established within several years after publication of that report. More 
recently, Ruhl (1989) presented the results of a cost-effectiveness assessment 
of the operation of the streamflow-gaging network (in 1987) in Kentucky and 
described the purpose(s) of each active gaging station in the network.



NETWORK-ANALYSIS TECHNIQUE

The network-analysis technique used in this study is based on generalized 
least squares (GLS) regression (Tasker, 1986; Tasker, 1987). This method, 
Network Analysis Using Generalized Least Squares (NAUGLS), evolved from 
Network Analysis for Regional information (NARI) described by Moss and others 
(1982). NARI is based on the regional regression approach (Benson and 
Matalas, 1967) and is an evaluation of the likelihood of improving the 
regression relation by the collection of additional data. The NARI 
methodology, in which ordinary least squares (OLS) is used to calibrate the 
regression model, is based on results of simulations by means of stochastic 
hydrology. In the NAUGLS methodology, GLS regression is used. GLS regression 
(Stedinger and Tasker, 1985 and 1986) allows adjustments to be made for the 
cross correlation in concurrent record (where the values of a streamflow 
statistic are not independently distributed) and for various lengths of record 
among stations. In a comparison of the two methodologies, Moss and 
Tasker (1990) found that, for the design experiments, the NAUGLS method 
provided a better estimate of the value of additional streamflow data than did 
the NARI method.

Description of Technique

Continued operation of active gaging stations is likely to enhance the 
predictive ability of a regional regression model by reducing the sampling 
errors in the flow statistics at the gaging station. The addition of new 
stations to a network is likely to enhance the predictive ability of a 
regional regression model by increasing the number of observation points. In 
either case, the additional data collected would increase the accuracy of the 
estimated regression coefficients. The network-analysis problem is whether to 
spend the limited resources available on collecting additional data at active 
sites, adding new sites, or doing both. One objective method of determining 
the best "trade off" between extending records at existing stations and 
establishing additional stations is to maximize the regional regression 
model's predictive capability, expressed as the inverse of the average 
variance of prediction of the model. The average variance of prediction is 
the variances of prediction averaged over a representative set of streamflow 
sites in a region. In this case, the representative set of sites is taken to 
be a set of streamflow sites with the same basin characteristics as the active 
gaged sites. The variance of prediction at a site is made up of two 
independent parts--the part due to model error, which can be improved only by 
choosing a better form of the model, and the part due to sampling error, which 
can be improved by collecting additional data. If the model error is assumed 
to be constant, then the network-analysis problem can be addressed as one of 
minimizing average sampling-error variance. Tasker and Stedinger (1989), and 
Tasker (1986) present a mathematical formulation of the network-analysis 
problem. The average sampling-error variance is a measure of the error in the 
average regression prediction in a region due to estimating with sample 
estimates of the regression coefficients. It is a function of not only how 
long the streamflow-gaging stations used in estimating regression coefficients 
have been operated, but also where the gages are in relation to each other and 
what values of basin characteristics are used in the regression. These 
properties make the average sampling-error variance a good criterion by which



to evaluate the trade off between extended records and additional stations in 
a network analysis. The method has previously been applied in evaluating the 
streamflow-gaging network in Kansas (Medina, 1987).

Application of Technique to Kentucky's Streamflow-Gaging Network

Selected statistical parameters related to mean flow, low flow, and high 
flow were chosen for evaluation of the streamflow-gaging network in Kentucky. 
Use of regression equations previously developed for Kentucky streams also was 
desirable because the network would be evaluated on the basis of information 
currently in use. The statistics chosen were the mean annual flow (Q ); the 
7-day, 2-year, low flow (7Q? ); and the 100-year peak flow (Q100)  Tht flow 
statistics were chosen to represent a broad range in flow ana to allow the 
inclusion of as many stations as possible in the analysis. Available 
regression equations for these flow statistics include basin characteristics 
as the explanatory variables needed to produce an estimate. The equation for 
Q is given by Beaber (1970), the equation for 7Q» is given by Ruhl and 
Martin (1991), and the equation for Q10Q is given by Choquette (1988).

Streamflow-gaging stations with 5 or more years of continuous, 
unregulated record were considered appropriate for use in the analysis. These 
stations are listed in table 1 (at the back of the report) and the locations 
are shown in figure 1. For the Q regression equation, all stations (178) 
were considered to be usable. For the 7Q» regression equation, stations whose 
drainage areas were greater than 1,500 mi*, 7Q9 's were zero, or flows were 
subject to local diversion were excluded from the analysis resulting in 
113 stations being used. For the Qinn analysis, stations whose drainage areas 
were greater than 1,000 mi2 were excluded from the analysis resulting in 
169 stations being used. These guidelines were consistent with guidelines 
used to develop the regional regression equations.

Mean- and low-flow regional regression equations for Kentucky were 
developed for use on streams statewide; however, the peak-flow regression 
consists of separate equations for each of seven hydrologic regions within 
Kentucky (fig. 2). These seven regions represent areas whose flood response 
characteristics are homogeneous. Initially, separate regression and 
network-analysis runs were made for each of the seven regions. The results 
from these analyses did not fully identify which stations were providing the 
most cost-effective information because each of the seven regions contained 
too few stations. Therefore, regions were combined, and the original seven 
regions were reduced to three areas. These areas consisted of (1) regions 1 
and 2, (2) regions 3, 4, and 5, and (3) regions 6 and 7. Area 1 had 
65 stations, area 2 had 54 stations, and area 3 had 50 stations available for 
analysis. Explanatory variables in the regression equations for each of the 
regions that were combined may have differed; therefore, the explanatory 
variables used to develop the regression equations for each of the new areas 
consisted of the combination of the variables used in the individual 
equations. In area 1, therefore, all explanatory variables in the regional 
regression equations for regions 1 and 2 (Choquette, 1988) were used to
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develop the regression equation for area 1. If the regression analysis 
indicated that certain variables were insignificant, they were excluded, and 
the regression was rerun. This procedure was repeated for areas 2 and 3.

The GLS regression equation for estimating mean annual flow was of the 
same form (logarithmic, base 10) as the OLS regression equation presented by 
Beaber (1970). Both the GLS and OLS equations contained total drainage area, 
mean basin elevation, and the maximum 24-hour, 2-year rainfall intensity. 
Area of lakes and ponds was excluded as a variable from the GLS equation 
because Beaber stated that excluding area of lakes and ponds increased the 
standard error by only 0.2 percent. The respective variable-exponent values 
for the two equations were within 15 percent. The GLS regression equation for 
estimating 7Q_ was of the same form (logarithmic, base 10) as that given by 
Ruhl and Martin (1991), and the respective variable-exponent values were 
within 3 percent. The three GLS regression equations developed for estimating 
Q-.QQ were the result of combining information from the seven regions presented 
by Choquette (1988) and are of the same form (logarithmic, base 10). 
Information from regions 1 and 2 (fig. 2) was combined, and all explanatory 
variables in equations for regions 1 and 2 were used to generate the GLS 
regression equation. Explanatory variables that were not significant at the 
10-percent level in the initial regression run were omitted, and the 
regression was rerun. The insignificant variables were basin-shape index (B ) 
and main-channel sinuosity (S ). The variables used in the final GLS 
regression equation were contributing-drainage area (A ) and main-channel 
slope (S ). The resulting linear regression equation fit the observed data 
closely. Equations for regions 3, 4, and 5 each contained A , and the 
equation for region 3 also contained S . In the initial regression analysis, 
S was not significant at the 10-percent level and was omitted from the final 
analysis leaving A as the only variable. The exponent for A in the GLS 
equation differed By less than 10 percent from the exponents for A in the 
equations for the three regions given by Choquette (1988). The area 3 
analysis for regions 6 and 7 was similar to that for area 1. B and S were 
determined to be insignificant at the 10-percent significance level, and only 
A and S were included in the final regression equation. The resulting 
linear regression equation fit the observed data closely.

After an appropriate GLS regression model was developed for the mean- and 
low-flow statistics and for each of the three high-flow areas, the network 
analysis was then undertaken. The first step was to select appropriate future 
times for which the effects of network-management strategies could be 
determined; these future times are referred to as "planning horizons". The 
network was evaluated with reference to each flow statistic for (1) a zero- 
year planning horizon, (2) a 5-year planning horizon, and (3) a 20-year 
planning horizon. An 'x'-year planning horizon refers to conditions at the 
end of that year. Therefore, a zero-year planning horizon represents current 
conditions (1989 in this analysis), a 5-year horizon represents operation of 
the network for short-term information needs, and a 20-year horizon represents 
operation of the network for long-term information needs. An operation and 
maintenance cost also was assigned to each gaging station included in the 
analysis. A cost equal to one unit was used for each gage because all gages 
operated as part of the network are assigned the same base cost of operation 
even though certain gages may cost slightly more or less than the base or 
average cost. Regulated stations, discontinued stations, or stations subject



to local diversion that would affect a particular flow statistic were omitted 
from the network analysis because only active, unregulated stations can 
contribute additional regional information. The network analysis consisted of 
two parts; one for active stations and one for active stations plus a set of 
hypothetical new stations.

EFFECTIVENESS OF THE STREAMFLOW-GAGING NETWORK

The network analysis, as stated previously, is based on the effect that 
each active unregulated-gaging station has on reducing the average 
sampling-error variance associated with a regional regression equation. GLS 
regression was used to develop the models, the form of which was based on 
previous studies. The resulting regression equations were also similar to 
those given in the previous studies. Average sampling-error variance is 
expressed in base 10 logarithmic units squared.

Results are presented in table 2 and in a series of graphs for each flow 
statistic analyzed. The table and each graph show the average sampling-error 
variances associated with (1) the current (1989) condition of the network, 
(2) the 5-year planning horizon, and (3) the 20-year planning horizon. The 
pair of graphs in each figure represents conditions excluding and including 
proposed new stations. The graphical presentation is similar to that shown in 
figure 3. The triangle on the ordinate represents current conditions 
(zero-year planning horizon), or the average sampling-error variance if no 
stations were continued and no new stations were added. This is the average 
sampling-error variance associated with the GLS regression equation. Each 
circle or square represents an estimate of the smallest average sampling-error 
variance that can be achieved for the indicated network operation cost. The 
circles represent the reduction in sampling-error variance associated with 
stations operated for a 5-year planning horizon, whereas the squares show an 
even greater reduction in sampling-error variance for a 20-year planning 
horizon because of the increased record length. The marginal decrease in 
sampling-error variance for a particular station is indicated by the slope of 
the graph at that point. The gap shown by the arrows represents the gaging 
stations that are considered mandatory in operating the network. The cost and 
sampling-error variance associated with these mandatory stations is not shown 
directly in the graph so as to give emphasis to them. This category could 
include any station usable for regionalization (unregulated and not affected 
by local diversion) that must necessarily be operated indefinitely. Examples 
are gaging stations operated to fulfill a legal requirement (such as 
monitoring for water supply), for project operation (monitoring inflow to a 
reservoir), or to define long-term flow trends. In this report, only three 
stations are classified as mandatory (table 1). The data from these stations 
are primarily used by the U.S. Army Corps of Engineers (COE) to monitor 
unregulated streams that affect the operation of COE flood control projects in 
the State. As previously stated, all stations were assigned the same cost 
because, except in rare cases, an average cost per gage is used by USGS 
offices in Kentucky.



Table 2. Average sampling-error variance for selected network strategies 
used in the study

[log..- units 2 , base 10 logarithmic units squared; variances shown for the 
5- and 20-year planning horizons are the lowest obtained foifor that analysis]

Average sampling-error variance (log.., units) 2

Type of 
analysis

Mean flow

Low flow

High flow 
(Area 1)

High flow 
(Area 2)

High flow 
(Area 3)

Planning 
horizon 
(years)

0
5

20

0
5

20

0 
5 

20

0 
5 

20

0 
5 

20

Excluding 
new stations

0.00050
. 00045
.00039

.00385

.00364

.00325

.00250 

.00232 

.00208

.00230 

.00220 

.00205

.00274 

.00263 

.00247

J_ V

Including 
new stations

0.00050
.00041
.00032

.00385

.00330

.00279

.00250 

.00205 

.00167

.00230 

.00186 

.00154

.00274 

.00219 

.00183

The results from the mean-flow analysis are given in table 2 and in 
figure 4. If no new stations are added to the network, the average 
sampling-error variance from current conditions is reduced by about 10 percent 
(from 0.00050 to 0.00045) for the 5-year planning horizon and by about 
22 percent (from 0.00050 to 0.00039) for the 20-year planning horizon. The 
addition of selected new stations to the network would reduce the sampling- 
error variance by almost twofold--18 and 36 percent (from 0.00050 to 0.00041 
and from 0.00050 to 0.00032), respectively, for the two planning horizons. 
The 'new' stations used in the analysis consisted of recently installed 
stations (1990-91) and discontinued stations. The effect of data provided by 
the hypothetical stations was most pronounced for the stations whose drainage 
areas were less than 100 mi2 . The effect of data provided by the new stations 
decreased as the size of drainage area increased.
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Figure 3.--Pertinent features of graphs of average sampling-error variance 
and number of stations operated (Modified from Medina, 1987).
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The results from the low-flow analysis are given in table 2 and in 
figure 5. If no new stations are added to the network, average sampling-error 
variance from current conditions is reduced by about 6 and 16 percent (from 
0.00385 to 0.00364 and from 0.00385 to 0.00325) for the 5-year and 20-year 
planning horizons, respectively. The addition of selected new stations would 
reduce the variance by 14 and 28 percent (from 0.00385 to 0.00330 and from 
0.00385 to 0.00279) from current conditions, respectively, for the two 
planning horizons. Unlike the mean-flow analysis, where almost all reduction 
in sampling-error variance was associated with the addition of new stations, 
the results from the low-flow analysis indicate that only certain stations 
produced a significant reduction in sampling-error variance from current 
conditions. The two best stations had drainage areas of 196 and 437 mi2 and 
were in the central part of the State. Drainage areas of two of the next 
three new stations providing the greatest reduction in sampling-error variance 
were less than 150 mi2 , and that of the third was greater than 500 mi 2 . All 
three hypothetical stations were in eastern Kentucky. Overall, the new 
stations contributed more to the reduction of average sampling-error variance 
from current conditions for the 5-year planning horizon than for the 20-year 
horizon. This finding indicates that many active stations should be continued 
long-term. For both planning horizons, the new stations would supplement the 
network of active stations in contrast to the general overhaul indicated by 
the mean-flow analysis.

Results from the high-flow analysis are given in table 2 and in figures 6 
through 8. For all three areas, the percentage reduction in average 
sampling-error variance from current conditions without the addition of new 
stations was less than that for the mean-flow and low-flow analyses. The 
reduction in average sampling-error variance from current conditions for 
areas 1, 2, and 3 was approximately 7 and 17 percent (from 0.00250 to 0.00232 
and from 0.00250 to 0.00208), 4 and 11 percent (from 0.00230 to 0.00220 and 
from 0.00230 to 0.00205), and 4 and 10 percent (from 0.00274 to 0.00263 and 
from 0.00274 to 0.00247) for the 5-year and 20-year planning horizons, 
respectively. The reduction in average sampling-error variance from current 
conditions for the three areas when new stations were added was 18 and 
33 percent (from 0.00250 to 0.00205 and from 0.00250 to 0.00167), 19 and 
33 percent (from 0.00230 to 0.00186 and from 0.00230 to 0.00154), and 20 and 
33 percent (from 0.00274 to 0.00219 and from 0.00274 to 0.00183) respectively, 
for the 5-year and 20-year planning horizons. As indicated in the graphs, the 
reduction was greatest when new stations were added to the network, especially 
for areas 2 and 3. Similar to the low-flow analysis, the reduction in error 
in area 1 is largely associated with four of the new stations, particularly 
for the 20-year planning horizon (fig. 6). Area 1, which consists of 
hydrologic regions 1 and 2 (fig. 2) extends from southeastern to north-central 
Kentucky. Drainage basins of these proposed stations all have small areas 
(less than 100 mi 2 ) and slopes greater than 25 ft/mi. The stations are spread 
throughout area 1. Results of the analysis indicate that emphasis should be 
on adding stations at stream locations having basins with small drainage areas 
and moderately steep slopes. The analysis for the other two areas indicated a 
need for stations at stream locations having basins with a variable range in 
drainage area and slope.
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Information resulting from the mean-flow, low-flow, and high-flow 
analyses is listed in table 3. An attempt has been made to rank the stations 
by the contribution they make in reducing the average sampling-error variance 
from current conditions associated with the regional regression relations 
(Medina, 1987). As many as three stations in the high-flow rankings may have 
identical values because of the three different areas used in the analysis. 
These identical markings will not affect the composite ranking of the stations 
made for the 20-year planning horizon shown in the extreme right-hand column 
of table 3. Overall, new stations will provide the greatest reduction in 
average sampling-error variance from current conditions for the regression 
relations developed; however, continuation of many active stations will 
improve regional information. The fact that certain active stations provide 
better information for selected types of analysis than do others should be 
recognized. This is also true of the new stations (see ranking for the 
different flow types shown in table 3).

APPLICATIONS AND LIMITATIONS OF THE ANALYSIS

A method was needed to facilitate continuous review of the streamflow- 
gaging station network in Kentucky. By use of the results from NAUGLS, 
specific stream-basin types and locations where additional information is 
needed can be identified. Conversely, gaging stations that provide little new 
information to a regional analysis can be considered for discontinuation so 
that resources available for data collection can be used more efficiently.

Other considerations also are involved in decisions to add or discontinue 
stations. A station needed for project operations or for legal reasons 
(mandatory stations) cannot be discontinued. Stations being operated as long- 
term index or trend sites or that are useful in correlating streamflow 
information with partial-record stations would be given greater consideration 
for continuation than might be indicated by the network analysis alone. Even 
though other factors are involved, the network analysis is a valuable tool for 
evaluating active and potential new stations for regional information.

Other factors concerning the location and selected basin characteristics 
represented by new stations also must be taken into consideration. Even 
though the analysis may indicate that a new site having specific basin 
characteristics is desirable, such a site may be difficult to locate. Factors 
that must be considered in locating a gaging station are the hydraulic 
conditions at the site, including approach flow conditions and the stability 
of the natural control that creates the pool where stage information is 
collected, accessibility to the stream, and human activities in the basin that 
may influence streamflow characteristics.
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SUMMARY AND CONCLUSION

The effectiveness of the streamflow-gaging network in Kentucky in 
providing regional-streamflow information was analyzed by the use of the 
Network Analysis Using Generalized Least Squares (NAUGLS) technique. 
Streamflow-gaging stations for which 5 or more years of unregulated record was 
available, in Kentucky and nearby in adjacent States, were used to develop 
regional regression equations by means of Generalized Least Squares (GLS) 
regression. For the mean-flow and low-flow analysis, 178 and 113 stations, 
respectively, were used. For the high-flow analysis, 65 stations were used 
for area 1, 54 stations were used for area 2, and 50 stations were used for 
area 3. GLS regression allows for the adjustment of the cross correlation in 
concurrent record and for different record lengths between gaging stations. 
Regional regression equations were developed for mean flow, 7Q,,, and Qinn on 
the basis of attributes from previously published equations for Kentucky 
streams. Certain limitations, which corresponded to the development of the 
previously published equations, were also placed on the data sets used in this 
report.

The network analysis was then done for each of the three flow statistics. 
Two network-management strategies were selected--one in which new stations 
were excluded and one in which hypothetical new stations were included. For 
each strategy, the network was analyzed under current (a zero-year planning 
horizon) conditions, a 5-year planning horizon, and a 20-year planning 
horizon. Results are presented in tabular form and as a series of graphs of 
average sampling-error variance of a regional regression equation plotted 
against network-operation cost for each of the flow statistics and for each 
strategy. The slope of the graphs at a point represent the marginal decrease 
in average sampling-error variance associated with the operation of a 
particular station (including new stations) used in the network analysis.

Without the addition of new stations, the greatest reduction in average 
sampling-error variance for the 5-year and 20-year planning horizons was found 
in the mean-flow and low-flow analyses. Improvement in the regional 
information for the peak flows was slight without the addition of new gages. 
When new gages were added in the analysis, however, the greatest improvement 
in the effectiveness of the network was found for mean flows and peak flows. 
The results indicate that new stations having small drainage areas (less than 
100 mi2 ) produced the greatest reduction in average sampling-error variance 
from current conditions in the mean-flow analysis. Only certain stations 
produced a significant effect for the low-flow analysis. These were stations 
for which drainage areas range from 200 to 450 mi2 . The results indicated 
that new stations having small drainage areas (less than 100 mi2 ) and fairly 
steep slopes (greater than 25 ft/mi) would provide the greatest peak-flow 
information.

Evaluation of the effectiveness of Kentucky's streamflow-gaging network 
in providing regional streamflow information should be a dynamic process. If 
additional funding is available for the network, the results from the analysis 
will be used in deciding where to locate new stations. Conversely, if

20



funding declines, the results from the analysis will be used in deciding which 
stations to discontinue. Even though many factors are involved in network 
evaluation, the NAUGLS technique is a means for deciding how best to use 
network resources for short- and long-term planning.
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